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Abstract 
 With the pressing environmental problems currently facing the urbanization, urban system in view of 
biophysics concerning energy and materials flows and related hierarchical structure is necessary to be explored. 
Emergy as a type of embodied energy is therefore be employed as a powerful tool to solve urban system modeling 
issues. This paper aims to delineate the recent progress of urban studies based on emergy, and back-cast the threads in 
terms of Aristotelian causality. The applications of emergy to urban system can be thereby divided into four 
categories, which may provide a new lens for the urban system planning and management. 
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1. Intoduction 
Urban system has been affected by human disturbances severely, with the contradiction of socio-
economical development and environmental conservation being aggravated for decades. The current 
developing path of city will determine our future in overcoming environmental challenges [1], thus needs 
a careful consideration of driving forces hiding behind the urban metabolism and how they are linked. 
As an open system, city organizes and sustains itself by exchanging diverse resource flows with 
surrounding environment. However, these entering inputs differ greatly in their ability to do work, in 
terms of the quality and quantity of energy embodied and their flexibility of use [2]. Within all kinds of 
resources, energy is one of the most significant and essential form flows within the urban system and 
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outside world, which can be embodied and quantified by energy analysis. Emergy is defined as “all 
available energy that is used, directly and indirectly, in making a product, expressed in units of one type 
of energy” [3], which makes quality comparison among different types of energy possible. Therefore, 
emergy analysis is a supplier-side technique in revealing energy use of goods, fuel, labour, or service in 
the generalized form of solar energy [4, 5]. As a systematic tool, emergy analysis has been widely applied 
to the global urban studies.  
This paper aims to delineate the recent progress of urban studies based on emergy, coupled with an 
attempt to probe into the context of Aristotelian causality concerning the indicators, quantification of 
energy or materials, modelling methods and driving forces. 
2. Methodology 
Aristotle’s ideology of four causes explores the constituted causes of a thing, embracing the material 
cause (resource forming a thing), formal cause (appearance and interaction of a thing), efficient cause 
(root cause for the development), and final cause (reason why a thing exists). It sustains the most original 
and simple understanding of system science as interpretation of composition, structure, drivers and 
function for the studied system. Some researchers have drawn parallels on this causality and system 
analysis, arousing man’s primary preoccupations for the ecosystems [6, 7]. Regarding the urban system, 
emergy-based applications may serve as a good example for such an ontological interpretation 
(hermeneutics). The four-causes linking to emergy analysis for urban studies are described in Fig. 1. 
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Figure 1. Four-causes map for urban studies based on emergy 
2.1. Material cause 
In an organized energetic system like urban system, material cause is the matter and energy feed it 
[7]. Emergy analysis is a quantitative tool embodying different types of energy flowing in a system. 
Based on a series of transformities, renewable sources (sunlight, wind, etc.), non-renewable sources 
(fertilizer, etc.), imports and outside sources (fuels, services, labour, etc.), exports (as agricultural 
productions), resources consumed (fuels etc.), and waste emergy can be calculated by input flows, 
throughput flows, storages within the system, and final products in emergy units [8]. Some primary trials 
for urban system were illustrated in [9, 10]. Hereafter, many emergy accounting studies emerged for 
Taipei, Rome, Beijing, Montreal, and urban subsystems [1, 5, 11-14], which trace the components and 
scale of urban operations, which undoubtedly pertain to the material-cause-based methodology.  
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2.2. Formal cause 
Emergy flows constrains to a strict hierarchy in a pyramidal organization form, where each level is 
subordinated to the one above it [15]. System emergetic diagram also gives clear reflection of system 
structure and interactions. Emergy per se is to illustrate the external distribution and internal structure of 
urban system. Remote sensing technology is combined with emergy to monitor the urban spatial 
morphology and landscape [16]. Emergetic ecological footprint also devoted to the external 
morphological research in terms of virtual land area [17]. Ecological network analysis provides a holistic 
perspective in tracing emregy flow, illustrating inner structure and interactions of studied city [18]. 
2.3. Efficient cause 
Emergy sets up an indicators system to evaluate different aspects of urban system, which can be 
practiced into finding driving forces as well. It is found that urban consumption pattern, energy and 
industrial structure, economic development, urbanization level, and geographical location were the main 
emergy impetuses keeping promoting the urban emergetic performances [15, 19], and forecasting 
models have thus been established to depict the evolution of urban systems [20].  
2.4. Final cause 
Final cause helps in exploring which kind of city we need or perform “good”, where concepts of 
efficiency, health, and sustainability have been gradually introduced to shape the desired urban system. A 
convenient way to measure various urban properties is to use emergy indicators such as environmental 
loading ratio, emergy yield ratio, environmental sustainability index, and transformity. Comprehensive 
emergy-based indicators were also linked to eco-efficiency [21], health [22], and sustainability 
assessment [23]. However, since systems are assumed to maximize power, any expenditure of energy has 
to return useful work equivalent to at least what was expended [4].  Emergy anlaysis is based on the long 
history evolution process with a ‘trial and error’ pathway, implying that its value is oriented to existence 
and ‘fitting’, which is indicative of the appropriate position where the studied system can fit into the 
universe hierarchy. Specifically, the goal of emergy analysis for the urban system is to identify the 
balance between the development of economic society and ecological environment, and fit the ecological 
impact into the multidimensional surrounding ecosystems [23]. Thus the final cause is somehow 
represented by the hidden maximum empower principle. 
3. Conclusion 
 In this paper, we proposed a new perspective for urban studies based on emergy by integrating the 
Aristotelian causality. Four categories were thereby established as 1) material cause embodied by emergy 
flows; 2) formal cause focusing on the external morphology and internal interactions; 3) efficient cause 
for driving forces of urban evolution; and 4) final cause related to the maximum empower principle. 
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